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INTRODUCTION 

Long-time  fertility  studies  using  planned  rotations  and 
soil  treatments  can  provide  much  information  of  value  to  the 
agricultural  economy  of  an  area.  One  aim  of  agriculture  must, 
of  necessity,  be  to  maintain,  if  not  improve,  the  fertility  of 
the  soil.  A  complete  evaluation  of  specific  treatments  and 
practices  cannot  be  accurately  determined  from  the  data  of  any 
one  year;  it  is  only  through  long-time  studies  that  a  valid  picture 
can  be  obtained. 

Many  such  studies  have  been  instituted  in  various  parts 
of  the  world  in  years  past.  Some  have  been  continued  to  the 
present  day.  At  the  Rothamsted  Experimental  Station  there  are 
plots  that  have  been  in  continuous  fertility  studies  since  the 
founding  of  the  field  in  181*3  (8).  This  has  also  been  true  at 
the  Woburn  Experimental  Station  where  work  has  continued  since 
18?6  (11).  in  the  United  States  the  Jordan  Plots  (9,  12,  18) 
at  Pennsylvania  State  College  were  established  in  1881  and  have 
been  maintained  as  originally  designed  up  to  the  present.  Similar 
fields  are  in  existence,  although  for  relatively  shorter  periods 
of  time,  in  Illinois  (if),  Indiana  (13),  Kentucky  (15,  16,  17), 
and  Missouri  (l1*). 

The  Columbus  Fertility  Plots  represent  one  of  the  oldest 
continuous  fertility  studies  in  Kansas.  Since  its  inception  in 
192»f  the  program  has  been  carried  on  with  only  minor  changes  In 
rotation  and  in  amount  and  method  of  application  of  fertilizers. 

The  experiment  was  designed  to  study  the  effect  of  various 
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fertilizer  materials,  lime,  and  manure  on  a  rotation  consisting 
of  the  important  crops  of  the  area. 

With  twenty-eight  years  of  fertilizer  treatments  and  manage- 
ment practices  as  a  background  the  present  study  was  undertaken 
in  an  effort  to  learn  something  of  the  resultant  nutrient  status 
of  these  soils. 

DESCRIPTION  OF  THE  FIELD 

Location 

The  Columbus  Fertility  Plots  are  located  on  the  W.  H.  Shaffer 
farm,  2  miles  west  and  3  miles  north  of  Columbus  in  Cherokee 
county  in  southeastern  Kansas. 

Soils 

The  soil  of  the  Columbus  Fertility  Plots  is,  for  the  most 
part,  a  Cherokee  silt  loam,  having  a  white  ashy  surface,  a  very 
heavy  dark  grey  subsurface,  and  an  impervious  drab  colored  subsoil 
flecked  with  red,  yellow  and  grey. 

Layout 

The  fertility  plots  were  laid  out  systematically  in  six 
series  running  from  east  to  west  and  designated  by  letter  A 
through  F.  Each  series  was  further  subdivided  into  twelve  one- 
tenth  acre  plots  numbered  consecutively  from  north  to  south  1 
through  12. 
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Rotations 

At  the 

outset  of  the  experiment  the  rotation  followed 

was: 

1. 

corn 

2. 

oats,  sweet  clover  seeded  with  oats 

3. 

sweet  clover  or  cowpeas  as  green  manure 

h. 

wheat 

5. 

wheat 

6. 

alfalfa 

Alfalfa 

always  occurred  on  one  series.  It  was  allowed 

to 

remain  as  long  as  a  reasonably  good  stand  was  maintained. 

Phis 

has 

varied  for  the  various  series  from  three  to  five  years. 

When 

a  series  was 

taken  out  of  alfalfa  it  replaced  another  serie 

s  in 

the 

five-year  rotation;  the  series  removed  from  the  rotation  was 

then 

.  seeded 

to  alfalfa. 

In  1931 

it  was  desired  to  include  flax  and  soybeans  in 

the 

rotation.  C 

Dnsequently  the  rotation  was  changed  as  of  that 

year 

to: 

1. 

corn 

2. 

soybeans  for  grain 

3. 

flax 

In 

wheat 

5. 

oats  and  sweet  clover  as  a  spring  green  manure 

crop 

6. 

alfalfa 

This 

rotation  has  been  maintained  until  the  present. 

Plot  10 

of  each  series  has  never  grown  a  legume.  This 

was 

intended  to  permit  evaluation  of  the  effect  of  a  legume  in  the 

If 

rotation.  When  a  series  was  in  soybeans  grain  sorghum  was 
substituted  on  plot  10;  when  in  oats  and  sweet  clover  the  sweet 
clover  was  omitted  on  plot  10;  when  in  alfalfa  redtop  or  brome- 
grass  was  substituted  on  plot  10. 

The  cropping  sequence  for  each  series  since  the  start  of 
the  experiment  in  192M-  appears  in  Table  1. 

Soil  Treatments 

The  plots  have  received  the  following  treatments: 
plot  1.  lime 

plot  2.  lime  and  superphosphate 
plot  3.  lime,  superphosphate,  and  potash 
plot  h,   lime  and  rock  phosphate 

plot  5»  lime,  superphosphate,  and  since  19^7  magnesium 
plot  6.  lime  and  manure 
plot  7.  lime,  superphosphate  and  manure 
plot  8.  lime,  superphosphate,  and,  since  19^7  boron 
plot  9N.  lime,  manure,  and  rock  phosphate 
plot  9S.  lime,  manure,  and,  since  19^7  residual  rock 

phosphate 
plot  10.  lime  and  superphosphate  with  no  legume  in  the 

rotation 
plot  11.  lime  and  superphosphate 
plot  12.  no  treatment 
Originally  plots  2,  5,  8,  and  11,  each  receiving  the  same 
treatment,  lime  and  superphosphate,  were  intended  to  serve  as 
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check  plots  to  reveal  soil  variations.  In  19^7  it  was  decided  to 
include  magnesium  and  boron  in  the  study.   Plots  5  and  8 
respectively  were  selected  for  the  magnesium  and  boron  treatments, 
leaving  plots  2   and  11  as  check  plots. 

Inasmuch  as  the  study  herein  reported  was  intended  to  con- 
sider the  effect  of  long-time  treatments  the  magnesium  and  boron 
treatments,  which  had  been  in  effect  for  only  five  years,  were 
not  included. 

Also  in  19^7,  plot  9,  which  had  originally  received  lime, 
manure,  and  rock  phosphate,  was  divided  in  half;  one  half, 
designated  as  9N,  was  to  continue  to  receive  the  original  treat- 
ment; the  other  half,  designated  as  9S,  was  to  have  no  further 
applications  of  rock  phosphate. 

Rate  and  Method  of  Application  of 
the  Various  Materials 

Lime..  Limestone  was  originally  supplied  at  the  rate  of  3 
tons  per  acre  the  first  time  a  series  was  seeded  to  alfalfa  or 
sweet  clover.  The  liming  history  for  each  series  appears  in 
Table  2. 

Barnyard  Manure.  Barnyard  manure  at  the  rate  of  8  tons  per 
acre  was  applied  to  those  plots  scheduled  for  that  treatment. 
Application  was  made  once  per  rotation;  preceding  corn  during 
the  period  192«+  to  1930,  preceding  wheat  since  1931.  Application 
was  also  made  prior  to  the  seeding  of  alfalfa.  No  record  was 
kept  as  to  the  quality  of  the  manure  added. 

Superphosphate.  The  rate  and  method  of  application  of 


Table  2.  History  of  applications  of  limestone  at  the  Columbus 
fertility  experiment. 


A.m't  of  limestone  applied 

Series Year (tons/A) 

1925T  3.0 

A               19^5  U3 

1929  3.0 

B               1935  US 

1927  3.0 
C               19^1  1.5 

1928  3.0 
1933  1.0 

D              1938  1.5 

1923  3.0 

E                 192^  3.0 

1923  3.0 

F               192^  3.0 

1925  3.0 


superphosphate  was  changed  several  times  for  the  various  crops 
curing  the  years  of  the  experiment.  Prior  to  1930  superphosphate 
was  broadcast  at  the  rate  of  50  pounds  of  0-16-0  per  acre  for 
corn  and  oats  and  100  pounds  of  0-16-0  per  acre  for  wheat  before 
seeding.  In  1930  the  method  of  application  was  changed  in  that 
superphosphate  was  drilled  with  the  seed  for  wheat  and  oats.  In 
1931  superphosphate  was  dropped  in  the  hill  with  corn.  Flax  was 
added  to  the  rotation  in  this  year  and  superphosphate  was  drilled 
with  the  seed  at  the  rate  of  100  pounds  of  0-16-0  per  acre. 
Direct  application  of  superphosphate  to  the  soybean  crop  began 
in  193*f  at  the  rate  of  50  pounds  of  0-16-0  per  acre  drilled  with 
the  seed.  In  19*+1  the  rate  of  application  of  superphosphate  on 


8 
flax  was  reduced  from  100  pounds  to  50  pounds;  the  rate  of 
application  on  oats  was  increased  from  50  pounds  to  100  pounds. 
Alfalfa  received  superphosphate  annually  at  the  rate  of  150 
pounds  of  0-16-0  per  acre  as  a  broadcast  application.  When  it 
was  necessary  to  use  a  grade  other  than  0-16-0  the  amount  applied 
was  adjusted  so  as  to  supply  an  equivalent  amount  of  available 
phosphoric  acid. 

In  19^7  the  rate  of  application  of  superphosphate  on  all 
crops  was  increased.  The  new  rates  were  100  pounds  of  0-20-0 
per  acre  on  corn,  flax,  and  soybeans;  150  pounds  of  0-20-0  per 
acre  on  oats  and  wheat;  and  200  pounds  of  0-20-0  per  acre  on 
alfalfa.  These  rates  have  been  maintained  until  the  present. 

Potash.  Muriate  of  potash,  in  combination  with  lime  and 

superphosphate,  has  been  applied  only  to  plot  3  of  each  series. 

The  original  rate  of  application,  which  was  quite  low,  was 

increased  on  two  occasions.  The  ratio  of  P2O5  to  K2O  during 

the  years  of  the  experiment  was  as  follows: 

192**  -  1928  0-6-1 

1929  -  19>+6  0-3-1 

since  191+7  0-1-1 

Rock  Phosphate.  Hock  phosphate  was  applied  where  scheduled 

at  the  rate  of  1000  pounds  per  acre.  Application  was  made  either 

before  seeding  alfalfa  or  broadcast  on  the  green  manure  crop 

before  plov/ing  under. 

SOIL  ANALYSES 

Sampling 

In  July  of  1952  soil  samples  were  taken  from  the  plots  in 
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the  six  series  by  E.  A.  Cleavinger,  extension  agronomist. 

Samples  were  taken  at  three  depths,  0-6  inches,  6-8  inches, 
8-10  inches.  Consideration  was  given  to  the  soil  profile  in 
deciding  on  these  depths. 

A  soil  sampling  tube  was  used.  Five  holes  were  made  at 
random  in  each  plot  and  composited  for  the  plot  sample.  This 
was  done  for-  each  of  the  three  depths. 

The  samples  were  brought  to  the  Agronomy  department 
laboratory  and  were  permitted  to  air-dry  for  about  two  weeks. 
The  soil  was  ground  so  as  to  pass  a  2  mm  sieve. 

Determinations 

The  laboratory  determinations  included: 

1.  pH  of  a  1:1  soil: water  suspension 

2.  available  phosphorus 

a.  using  an  extracting  solution  0.1  N  with 
respect  to  hydrochloric  acid  and  0.03  N 
with  respect  to  ammonium  fluoride. 

b.  using  an  extracting  solution  0.025  N  with 
respect  to  hydrochloric  acid  and  0.03  N 
with  respect  to  ammonium  fluoride. 

3.  exchangeable  potassium 
h,     organic  matter 

5.  total  nitrogen 
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Procedures 

Soil  reaction.  The  pH  determinations  were  made  on  a  Leeds- 
Northrup  instrument  using  the  glass  electrode.  Duplicate  ten 
gram  samples  were  weighed  into  paper  cups,  10  ml  of  distilled 
water  was  added  and  the  mixture  stirred  vigorously.  After  thirty- 
minutes  the  material  was  again  stirred  and  the  pH  of  the  suspension 
was  read  immediately. 

Available  phosphorus.  A  modification  of  Bray's  sulphonic 
acid  reduction  method  as  reported  by  Arnold  and  Kurtz  (2)  was 
used.  According  to  Bray  and  Kurtz  (5)  there  are  various  fractions 
of  the  soil  phosphorus  that  can  be  determined  depending  upon  the 
extracting  solution  used.  For  this  work  two  separate  extracting 
solutions  were  employed:  one,  which  was  0.1  N  with  respect  to 
hydrochloric  acid  and  0.03  N  with  respect  to  ammonium  fluoride, 
removes,  according  to  Bray,  the  acid  soluble  and  adsorbed 
phosphorus;  the  other,  which  was  0.025  N  with  respect  to  hydro- 
chloric acid  and  0.03  ■  with  respect  to  ammonium  fluoride,  removes, 
according  to  Bray,  the  so-called  adsorbed  phosphorus. 

In  each  case  duplicate  5  gram  samples  where  shaken  for  one 
minute  with  50  ml  of  the  extracting  solution  and  filtered 
immediately.  A  20  ml  aliquot  was  taken.  One  ml  each  of  ammonium 
molybdate-hydrochloric  acid  solution  and  Bray's  sulfonic  acid 
reducing  agent  were  added.  Color  was  allowed  to  develop  for 
fifteen  minutes  at  which  time  per  cent  transmittancy  was  read  on 
the  Evelyn  photocletric  colorimeter  using  a  660  rau  filter.  A 
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calibration  was  prepared  from  standard  phosphate  solutions  given 
the  same  treatment  as  the  unknowns.  From  this  curve  the  per 
cent  transmittancy  of  the  unknown  samples  was  converted  to  ppm. 

Organic  matter.  Walkley  and  Black »s  titration  method  as 
reported  by  Piper  (10)  was  used.  Duplicate  2  gram  samples  of 
soil  were  digested  for  30  minutes  with  10  ml  of  standard  potas- 
sium dichromate  solution  and  20  ml  of  concentrated  sulfuric 
acid.  The  excess  chromate  not  reduced  by  the  organic  matter 
was  determined  by  titration  with  standard  ferrous  sulphate 
solution  to  the  diphenylamine  endpoint. 

Total  nitrogen.  The  official  KJeldahl  method  as  given  in 
the  A.  0.  A.  C.  methods  of  Analyses  (3)  was  used  for  the  deter- 
mination of  total  nitrogen. 

Exchangeable  potassium.  For  the  determination  of 
exchangeable  potassium  duplicate  10  gram  samples  were  shaken 
for  10  minutes  with  50  ml  of  normal  neutral  ammonium  acetate 
and  filtered  immediately.  A  5  ml  aliquot  was  taken  and  diluted 
to  25  ml.  Per  cent  transmittancy  was  read  on  the  Bechman 
spectrophotometer  using  a  flame  attachment  with  a  wavelength 
setting  of  771  mu  and  a  slit  width  of  0.1.  A  calibration  curve 
was  prepared  from  known  potassium  standard  solutions.  From  this 
curve  per  cent  transmittancy  readings  of  the  samples  were  con- 
verted to  ppm. 


12 
Results 

The  results  of  the  chemical  analyses  are  reported  In 
Tables  3  to  8,  inclusive.  The  value  at  each  depth  for  each 
plot  has  been  recorded  as  well  as  the  averages  of  all  series 
for  each  treatment.  These  averages  of  all  series  also  are 
presented  graphically  in  Figs.  1  to  6,  inclusive. 

Discussion 

Since  the  field  was  arranged  systematically,  with  no 
attempt  at  randomization,  the  ordinary  methods  of  statistical 
analysis  were  not  applicable.  Therefore  no  statistical  analysis 
of  the  data  was  undertaken. 

The  data  for  the  individual  plots  were  carefully  scrutin- 
ized in  an  attempt  to  observe  trends  that  could  be  attributed 
to  treatment,  always  remaining  cognizant  of  the  fact  that  soil 
variation  had  very  likely  influenced  the  data. 

The  average  of  each  treatment  for  all  series  was  compiled 
with  the  hope  that  a  reasonably  valid  picture  of  treatment 
effects  would  be  obtained. 

The  Effect  of  Additions  of  Limestone  on  Soil  Reaction.  The 
effectiveness  of  limestone  in  raising  the  pH  value  of  the  soil 
was  demonstrated  in  all  cases  and  at  all  depths.  The  greatest 
increase  has  been  in  the  surface  layer  but  the  effect  has  quite 
definitely  extended  on  to  the  10  inch  depth.  Figure  1  reveals 
the  south  end  of  the  field,  plots  9S,  9N,  10,  and  11  to  be  less 
acid  than  the  north  end,  and  quite  uniformly  so.  This  may  well 
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indicate  a  soil  variation  running  east  to  west  through  the  field. 
Series  C  which  has  received  a  total  of  h   1/2  tons  of  limestone 
per  acre  has  remained  the  most  acid,  having  a  range  in  pH  values 
in  the  surface  6  inches  of  soil  of  from  5.6  to  5.8  for  the  limed 
plots  as  compared  to  5.1  for  the  unlimed  soil.  The  same  amount 
of  limestone,  h   1/2  tons  per  acre,  applied  to  series  A  and  B  has 
resulted  in  an  average  pH  value  for  each  series  of  6.2.  The 
unlimed  plot  of  series  A  had  a  pH  value  of  5.3  while  in  series 
B  it  had  a  value  of  5«1+.  Again  a  soil  variation  may  be  indicated, 
this  time  running  across  the  field  through  series  C. 

It  is  of  interest  to  consider  the  liming  history  of  the 
field  as  shown  in  Table  2.  Series  A,  B,  and  C  have  already  been 
discussed,  at  least  in  part,  from  this  viewpoint.  It  was  observed 
that  series  B  which  last  received  limestone  in  1935  currently  has 
a  pH  range  in  the  surface  6  inches  of  5.9  to  6,k   for  the  limed 
plots  as  compared  to  5A  for  the  unlimed  plot,  a  marked  effect 
after  V?   years. 

Series  D  has  received  a  total  of  5  1/2  tons  of  limestone 
per  acre,  the  last  of  which  was  applied  in  1938.  The  surface 
6  inches  in  this  case  has  a  range  in  pH  values  of  from  6.1  to 
6. ^  for  the  limed  plots  as  compared  to  5.2  for  the  untreated. 

Series  E  shows  considerable  variation  for  the  0-6  inch 
depth,  the  pH  values  of  the  limed  plots  ranging  from  5*7   to  6.5 
with  an  average  value  of  6,0.  The  unlimed  plot  has  a  pH  value 
of  5*5*     This  series  received  a  total  of  6  tons  of  limestone 
per  acre,  the  last  application  being  3  tons  per  acre  in  1921*. 
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Thus  after  28  years  there  are  still  two  plots,  10  and  11,  that 
have  satisfactory  pH  values  by  current  standards. 

Series  F  is  of  particular  interest  as  regards  soil  reaction, 
A  total  of  9  tons  of  limestone  per  acre  has  been  added  to  this 
series,  3  tons  per  acre  in  each  of  the  years  1923,  192*+,  and  1925. 
The  reason  for  this  comparatively  heavy  application  was  not  made 
clear  in  the  early  reports  of  the  Southeastern  Kansas  Experiment 
Fields  (1).  The  application  in  1923  was  made  in  preparation  for 
alfalfa.  An  additional  application  was  made  in  192*+,  apparently 
just  prior  to  seeding  alfalfa.  This  may  have  been  an  oversight 
or  may  have  been  intentional,  the  records  merely  report  the  fact. 
The  final  3  tons  per  acre  applied  in  1925  is  equally  inexplicable. 
At  any  rate  the  fact  remains  that  9  tons  of  limestone  per  acre 
have  been  added,  the  last  application  27  years  ago.  This  series 
presents  a  most  striking  demonstration  of  the  long-time  effect 
of  lime;  the  range  in  pH  values  for  the  surface  6  inches  being 
from  6.6  to  7.5  with  an  average  value  of  7.2  as  compared  to  5.2 
for  the  unlimed  plot. 

Unfortunately  no  record  of  the  CaCO^  equivalent  of  the  various 
applications  of  limestone  was  kept  over  the  years  so  it  has  not 
been  possible  to  evaluate  the  amounts  added  from  this  standpoint. 

Other  than  the  effect  of  limestone  there  was  no  indication 
that  any  of  the  other  added  materials  had  appreciably  influenced 
soil  reaction. 

Available  Phosphorus.  Considering  first  the  extraction  in 
which  a  solution  0.1  N  with  respect  to  hydrochloric  acid  and 
0.03  N  with  respect  to  ammonium  fluoride  was  used  (Table  h) , 
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the  plots  which  received  rock  phosphate  gave  extremely  high 
values  for  available  phosphorus,  over  300  pounds  per  acre  for 
the  plots  treated  with  rock  phosphate  as  compared  to  about  hO 
pounds  per  acre  for  the  various  plots  receiving  superphosphate 
as  part  of  the  treatment.  These  high  values  for  the  plots  which 
received  rock  phosphate  wero  not  considered  valid  from  the  stand- 
point of  availability  to  plants.  This  has  been  borne  out  by 
yield  data  from  the  field;  rock  phosphate  has  ranked  high  among 
the  treatments  as  regards  total  crop  yield  but  in  no  case  has 
rock  phosphate  outranked  superphosphate  by  the  margin  that  these 
soil  tests  would  seem  to  indicate. 

The  second  extraction,  using  a  solution  0.025  N  with  respect 
to  hydrochloric  acid  and  0.03  N  with  respect  to  ammonium  fluoride, 
appeared  to  put  the  two  carriers  of  phosphorus  on  a  more  equitable 
basis  for  comparison,  one  that  was  more  in  line  with  crop  yield 
data.  A  study  of  Figures  2  and  3  reveals  that,  omitting  the 
rock  phosphate  plots,  all  other  treatments  have  maintained  about 
the  same  relationship  regardless  of  the  extraction,  although  the 
values  obtained  from  the  weak  acid  extraction  were  generally 
lower.  Criticism  of  the  second  extraction  may  be  made  in  that 
it  delegates  rock  phosphate  to  a  position  inferior  to  super- 
phosphate whereas  the  yield  data  from  the  field  reveals  very 
little  difference,  at  the  rates  used,  in  effectiveness  with 
respect  to  increasing  yields.  While  such  criticism  may  well  be 
valid,  it  was  felt,  that  the  weak  acid  extraction  did  permit  a 
more  accurate  comparison  of  the  two  carriers  of  phosphorus  than 
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did  the  strong  acid  extraction. 

The  accumulation  of  phosphorus  has  been  greatest  in  the  0-6 
inch  layer.  The  lesser  build  up  that  has  occurred  in  the  6-8  inch 
layer  may  well  be  attributable  to  mixing  resulting  from  plowing. 
At  the  8-10  inch  depth  the  values  were  quite  uniform  across  the 
treatments.  This  would  indicate  that  movement  into  this  layer 
has  been  insignificant. 

Plot  9,  which  was  split  in  19^7  into  9N  and  9S,  9N  to  continue 
receiving  rock  phosphate  when  due,  9S  to  receive  no  additional 
rock  phosphate,  revealed  something  of  the  residual  effect  of 
rock  phosphate.  Under  the  strong  acid  extraction  the  average 
values  for  all  series  were  331  pounds  for  the  residual  plot 
and  33^-  pounds  for  the  half  continuing  to  receive  rock  phosphate. 
Under  the  weak  acid  extraction  the  residual  plot  had  a  value  of 
17.1  pounds,  the  other  1^.8  pounds.  The  figures  which  made  up 
these  averages  were  themselves  quite  erratic.  Series  A  had  not 
received  any  rock  phosphate  since  19^7  yet  there  was  a  30  pound 
advantage  in  favor  of  9N  by  the  strong  acid  extraction  and  a 
5  pound  advantage  by  the  weak  acid  extraction.  Series  E  and  F, 
each  of  which  had  received  an  application  of  1000  pounds  of  rock 
phosphate  per  acre  since  19^7,  both  revealed  the  residual  plot 
as  having  the  greatest  available  phosphorus  by  either  extraction. 

Yield  data  tended  to  agree  with  the  overall  picture,  namely 
that  for  the  5   years  that  have  elapsed  there  had  been  no 
noticeable  decline  in  phosphorus  response  on  plot  9S  as  compared 
to  9N. 

Plot  10  which  had  never  had  a  legume  in  the  rotation  had  the 
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second  highest  value  by  the  weak  acid  extraction.  This  accumu- 
lation was  directly  attributable  to  the  absence  of  alfalfa  which 
was  a  heavy  user  of  phosphorus.  In  spite  of  this  build  up  of 
phosphorus  plot  10  ranked  above  only  the  no  treatment  plots  in 
regard  to  the  production  of  all  crops  in  the  five  year  rotation, 
possibly  indicating  that  phosphorus  had  not  been  the  limiting 
factor  in  this  case. 

Exchangeable  Potassium.  Figure  k   reveals  some  interesting 
aspects  of  the  potassium  situation.  The  highest  values  for 
potassium  were  found  on  plots  6,  7,  9S,  9N,  all  plots  having 
had  manure  as  part  of  their  treatment.  Plot  3,  the  only  plot 
receiving  potash  did  not  quite  come  up  to  the  level  of  the 
manured  plots  in  exchangeable  potassium.  From  this  it  may  be 
inferred  that  at  the  rates  used  barnyard  manure  had  been  at 
least  as  effective  as  a  carrier  of  potassium  as  had  muriate 
of  potash. 

A  study  of  the  results  for  the  individual  plots  (Table  6) 
reveals  a  rather  erratic  distribution  of  potassium  thru  the 
three  depth  considered.  In  series  D  the  upper  6  inches  was 
generally  higher  in  potassium;  in  series  F  the  6-8  inch  and  8-10 
inch  depths  were  the  higher.  For  the  average  of  all  series  the 
0-6  inch  depth  was  found  to  have  the  highest  values  in  six  cases; 
the  6-8  inch  depth  being  highest  in  the  remaining  five  plots. 

According  to  the  latest  standards  accepted  for  the  Kansas 
soil  testing  program  all  of  the  plots  would  be  considered  defic- 
ient in  potassium  for  some  if  not  all  crops.  Considering  with 
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this  the  fact  that  crop  response  to  potash  was  very  limited 
on  this  field  in  the  early  years  but  had  shown  definite  signs 
of  increasing  in  the  later  years,  following  the  increase  in 
amount  of  potash  applied,  it  seemed  valid  to  infer  that  the  rate 
of  potash  application  had  not  yet  reached  the  optimum. 

Organic  Matter.  The  organic  matter  picture  as  revealed  by 
Fig.  5  shows  the  manured  plots  to  be  slightly,  but  definitely, 
higher  in  organic  matter  than  the  other  plots  as  regards  the 
surface  6  inches.  For  the  other  depths  the  values  were  quite 
uniform  irregardless  of  treatment.  This  would  conform  to  the 
expected  relationship  of  organic  matter  to  depth. 

Plot  10  which  had  never  grown  a  legume  was  loxrer  in  organic 
matter  than  all  but  the  no  treatment  plots.  This  was  in  part 
attributable  to  the  absence  of  alfalfa;  with  redtop  or  bromegrass 
substituted  for  alfalfa  considerably  less  material  had  been  returned 
to  the  soil  than  on  plots  which  did  have  alfalfa. 

That  the  no  treatment  plots  vrere  lowest  in  organic  matter 
was  the  result  of  the  generally  lower  fertility  level  of  these 
plots  with  the  correspondingly  low  crop  production  resulting  in 
less  crop  residues. 

While  the  build-up  of  organic  matter  on  the  manured  plots 
only  averaged  about  0.2  per  cent  over  the  unmanured  plots  the 
yield  data  had  consistently  shown  the  manured  plots  to  be  the 
leaders  in  crop  production  to  an  extent  that  throws  a  greater 
stress  on  a  0.2  per  cent  increase  in  organic  matter  than  might 
at  first  be  suspected. 

Table  9  shows  the  treatments  ranked  according  to  yield  of 
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all  crops  in  the  5-year  rotation  for  a  19  year  period  as  presented 
by  Davidson  and  Smith  (6).  A  weighted  average  of  all  crops  in 
the  5  year  rotation  with  no  treatment  set  at  100  had  been  used. 
The  average  values  in  the  surface  6  inches  for  each  treatment 
over  all  series  was  listed  for  phosphorus,  potassium,  organic 
matter,  and  nitrogen.  These  figures  have  been  ranked  with  1  as 
the  highest.  It  will  be  observed  that  per  cent  organic  matter 
ranks  the  treatments  in  the  same  order  as  does  crop  yield  except 
for  the  ties  at  positions  2  and  6.  This  represents  a  much  higher 
degree  of  correlation  than  was  found  between  crop  yield  and  any 
of  the  other  factors  considered. 

Total  Nitrogen.  In  general  the  situation  as  regards 
nitrogen  would  appear  closely  allied  with  the  organic  matter 
content.  Percentagewise  the  differences  between  highest  and 
lowest  values  were  smaller  in  the  case  of  nitrogen,  about  0.02 
per  cent  as  compared  to  about  0.2  per  cent  in  the  case  of  organic 
matter.  The  drop  in  nitrogen  content  with  increasing  depth  was 
even  more  pronounced  than  was  the  drop  in  organic  matter  content. 
Again  the  manured  plots  gave  the  highest  values  and  plot  10  with 
no  legume  the  lowest.  In  the  matter  of  rank  as  shown  in  Table  9 
the  order  was  not  as  well  defined  for  nitrogen  as  it  was  for 
organic  matter.  However  the  three  treatments  containing  manure 
did  form  a  top  class. 
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GREENHOUSE  STUDY 

Plan  of  the  Experiment 

A  pot  experiment  was  carried  out  in  the  greenhouse  in  an 
effort  to  learn  something  more  of  the  phosphorus  status  of 
soils  that  had  been  receiving  superphosphate  or  rock  phosphate 
during  the  years  of  the  experiment  at  the  Columbus  field. 

Soil  from  plot  A-2,  a  lime  and  superphosphate  plot,  and 
from  plot  k-k-,   a  lime  and  rock  phosphate  plot,  were  used.  The 
soil  samples  were  tabled,  mixed  and  weighed  into  earthenware 
crocks  at  the  rate  of  *+000  grams  per  pot.  The  ^000  gram  samples 
were  again  tabled  and  nitrogen  in  the  form  of  ammonium  nitrate 
at  the  rate  of  166  pounds  per  acre  and  potassium  in  the  form 
of  60  per  cent  muriate  of  potash  at  the  rate  of  250  pounds  per 
acre  was  added  and  thoroughly  mixed  with  the  soil.  This  treat- 
ment was  given  to  all  pots.  In  addition  phosphorus  in  the  form 
of  Ca(H2P0if)2  was  added  at  various  rates  to  the  pots  assigned 
the  particular  treatments.  Commercial  rock  phosphate  at  the 
rate  of  2  tons  per  acre  was  similarly  added  to  the  pots  scheduled 
for  that  treatment.  Each  treatment  was  repeated  3  times  for  each 
of  the  2  soils.  Three  pots  of  each  soil  were  given  no  added 
phosphorus.  These  served  as  controls.  The  treatments  then  were: 

0  ppm  added  P 

10  ppm  added  P 

20  ppm  added  P 

^0  ppm  added  P 

80  ppm  added  P 
160  ppm  added  P 
Rock  phosphate  -  2  tons  per  acre 


A  spring  wheat,  Pusa  52  x  Federation,  was  planted  on 
November  10,  1952.  The  pots  were  laid  out  on  the  greenhouse 
bench  in  a  completely  randomized  design.  On  November  22  the 
stand  was  reduced  to  ten  plants  per  pot. 

The  crop  was  grown  to  maturity,  allowed  to  ripen  and  har- 
vested on  February  26,  1953 •  The  harvested  material  was  oven 
dried  at  80  degrees  centigrade  for  72  hours.  The  straw  and 
heads  were  then  weighed  separately.  The  heads  were  threshed 
and  the  weight  of  grain  taken.  The  difference  between  grain 
weight  and  head  weight,  representing  the  weight  of  chaff,  was 
added  to  the  straw  weight.  These  data  are  recorded  in  Tables 
10  and  11. 

Plant  Tissue  Analyses 

The  plant  material  was  ground  in  a  Wiley  Mill  using  a 
number  ho   sieve.  The  ground  material  was  then  subjected  to 
further  oven  drying  for  *f8  hours  at  105  degrees  centigrade. 
After  the  drying  period  duplicate  0,2  gram  samples  were  taken 
and  prepared  for  analysis.  A  wet  ashing  process  using  magnesium 
nitrate  in  alcohol  was  employed.  The  material  was  ignited  in  an 
electric  muffle  furnace  nor  a  period  of  two  hours  at  550  degrees 
centigrade.  The  residue  was  taken  up  in  2  N  hydrochloric  acid, 
filtered  and  diluted  to  100  ml  volume. 

For  the  determination  of  phosphorus  a  modification  of 
Bray's  sulfonic  acid  reduction  method  was  used.  A  25  ml  aliquot 
was  taken,  neutralized  with  0.2  N  NaOH  to  the  phenolthalien  end 
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point  and  diluted  with  distilled  water  to  50   ml  volume.  To 
this  was  added  2  ml  of  ammonium  molybdate-hydrochloric  acid 
solution  and  2  ml  of  Bray's  sulfonic  acid  reducing  agent.  Color 
was  allowed  to  develop  for  15  minutes.  The  per  cent  transmission 
was  then  read  on  the  Evelyn  photoelectric  colorimeter  using  a 
660  mu  filter.  A  calibration  curve  was  prepared  from  solutions 
of  known  phosphorus  content  which  had  received  the  same  treatment 
as  the  samples.  From  the  calibration  curve  the  galvanometer 
readings  obtained  for  the  samples  were  converted  to  ppm  phosphorus, 

Discussion  of  Greenhouse  Results 

It  was  desired  in  this  experiment: 

1.  to  compare,  from  the  standpoint  of  available  phos- 
phorus, a  soil  having  a  long  history  of  superphosphate  treatment 
with  a  soil  having  an  equally  long  history  of  rock  phosphate 
treatment • 

2.  to  determine  the  effect  of  added  increments  of  a 
readily  available  form  of  phosphorus  on  the  phosphorus  uptake 
from  each  of  the  soils  studied. 

Yield  data.  The  yield  data  are  presented  in  Tables  10  and 
11.  From  the  data  the  soil  from  plot  A-2,  (superphosphate 
history)  appears  to  be  superior  to  the  soil  from  plot  A-lf  (rock 
phosphate  history).  This  was  true  both  from  the  standpoint  of 
total  dry  matter  produced  and  grain  produced. 

During  the  growth  of  the  crop  it  was  apparent  that  the  plants 
on  the  soil  from  plot  A-2  had  a  faster  rate  of  growth,  matured 
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earlier  and  ripened  a  week  to  ten  days  earlier  than  those  grown 
on  the  soil  from  plot  h-h. 

There  was  no  evidence  of  increased  yield  from  any  treatment 
on  the  soil  from  plot  A-2.  Where  rock  phosphate  was  added  there 
was  a  suppression  of  yield  as  compared  to  no  treatment. 

The  soil  from  plot  A-^-  did  show  some  slight  increases  in 
yield  from  the  added  increments  of  available  phosphorus.  Here 
again  there  was  suppression  of  yield  where  rock  phosphate  was 
added. 

Phosphorus  Uptake.  Tables  10  and  11  show  phosphorus  uptake 
for  grain  and  straw  in  per  cent  and  in  milligrams.  Total  uptake 
is  also  given  in  milligrams. 

Plants  grown  on  the  soil  from  plot  A-2  showed  very  little 
difference  percentagewise  in  phosphorus  content  of  the  grain. 
However  the  per  cent  phosphorus  in  the  straw  increased  at  the 
higher  levels  of  added  phosphorus.  Total  uptake,  which  seemed 
to  be  most  influenced  by  the  increases  occurring  in  the  straw, 
followed  a  similar  trend,  increased  uptake  at  the  higher  levels. 

The  picture  was  somewhat  reversed  in  the  case  of  the  plants 
grown  on  the  soil  from  plot  A-1*.  Here  the  phosphorus  content  of 
straw  was  extremely  uniform  at  all  levels  of  added  available 
phosphorus.  Where  rock  phosphate  had  been  added  the  phosphorus 
content  of  straw  was  about  half  of  that  resulting  from  no  treat- 
ment. 

The  per  cent  phosphorus  in  grain  showed  increases  with  all 
treatments,  including  rock  phosphate. 
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Considering  total  uptake  there  were  increases  from  all 
treatments  except  rock  phosphate. 

Conclusions 

The  indications  were  that  the  soil  from  plot  A-2  was  already 
at  a  satisfactory  phosphorus  level.  Addition  of  a  readily  avail- 
able form  of  phosphorus  at  this  point  did  not  materially  affect 
yield,  it  was  reflected  chiefly  in  increased  phosphorus  content 
of  the  straw. 

It  would  appear  that  phosphorus  was  less  available  to  plants 
on  soil  from  plot  k-h   than  on  soil  from  plot  A-2.  Slight  in- 
creases, both  in  yield  and  in  total  uptake,  resulted  from  the 
various  increments  of  added  available  phosphorus  in  the  case  of 
the  soil  from  plot  A-1*. 

The  suppression  in  yield  and  in  uptake  that  resulted  from 
the  addition  of  rock  phosphate  cannot  be  explained  readily. 

In  spite  of  the  long  history  of  rock  phosphate  applications 
this  soil  does  not  appear  to  have  reached  a  satisfactory  phos- 
phorus level  insofar  as  availability  to  wheat  is  concerned.  One 
factor  worthy  of  consideration  is  the  pH  of  this  soil.  Plot  k-h 
had  a  pH  value  of  6.2.  It  has  been  rather  well  established  that 
the  availability  of  rock  phosphate  is  greatest  at  more  acid 
values.  As  a  further  study  it  would  be  of  interest  to  acidify 
the  soil  from  plot  A-1*  than  to  carry  out  a  greenhouse  experiment 
similar  to  that  herein  reported. 
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SUMMARY 

1.  The  lasting  effect  of  lime  in  altering  the  soil  reaction 
was  clearly  indicated.  This  effect  was  apparent  to  a  depth  of 
approximately  10  inches. 

2.  Essentially  no  movement  of  phosphorus  below  the  plow 
depth  was  found.  There  has  been  no  large  increase  in  available 
phosphorus  resulting  from  long-time  applications  of  superphos- 
phate. However,  greenhouse  data  revealed  such  a  soil  to  have  no 
pronounced  phosphorus  deficiency. 

3.  At  the  rates  used  during  the  history  of  the  field  there 
had  been  no  large  accumulation  of  potassium.  Greater  accumu- 
lation had  resulted  from  applications  of  barnyard  manure  than 
from  applications  of  a  very  small  amount  of  muriate  of  potash. 

!+.  The  manured  plots  averaged  0.2  per  cent  higher  in  organic 
matter  content  than  did  the  unmanured.  When  correlated  to  yield 
data  this  small  per  cent  was  found  to  be  quite  significant.  Rank 
of  treatments  according  to  content  of  organic  matter  in  the  soil 
corresponds  exactly  with  rank  according  to  yields. 

5.  Nitrogen  content  followed  essentially  the  same  pattern 
as  organic  matter  content,  the  difference  being  in  plot  10  which 
had  never  grown  a  legume.  This  plot  was  markedly  lower  in  nit- 
rogen content  than  any  other  plot. 

6.  In  general  the  nutrient  status  of  these  soils,  as  revealed 
by  chemical  analyses,  had  improved  under  the  various  treatments 

in  comparison  with  no  treatment.  The  treatments  lime,  rock  phos- 
phate and  manure;  lime,  superphosphate  and  manure;  and  lime  and 
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manure  consistently  showed  the  most  desirable  level  of  each  of 
the  factors  considered.  These  were  the  treatments  that  consist- 
ently led  in  crop  production. 
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A  laboratory  and  greenhouse  study  of  the  soils  from  the 
Columbus  Fertility  Plots  in  southeastern  Kansas  was  undertaken 
in  an  effort  to  learn  something  of  the  nutrient  status  of  these 
soils  after  28  years  of  fertilizer,  lime  and  manure  treatments. 

Soil  samples  were  taken  from  0-6",  6-8",  and  8-10"  depths 
from  each  of  the  plots.  The  following  chemical  analyses  of 
these  samples  were  made  in  the  laboratory: 

1.  pH  of  1:1  suspension 

2.  available  phosphorus 

3.  exchangeable  potassium 
h,  organic  matter  content 
5.  total  nitrogen  content 

For  the  greenhouse  study  soil  from  two  of  the  plots  was 
used:  one  having  a  history  of  lime  and  superphosphate  appli- 
cations, the  other  a  history  of  lime  and  rock  phosphate  appli- 
cations. Spring  wheat  was  grown  in  a  pot  experiment  in  which 
the  treatments  consisted  of  the  addition  of  various  levels  of 
a  readily  available  form  of  phosphorus.  The  crop  was  grown  to 
maturity.  Yield  data  were  taken.  The  grain  and  straw  were 
analyzed  for  phosphorus  content. 

The  results  of  the  chemical  analysis  revealed  the  long  time 
effect  of  lime  in  raising  the  pH  of  the  soil.  The  effect  was 
noticeable  through  the  three  depths  studied. 

Two  phosphorus  extractions  were  made:  one,  using  a  strong 
acid,  gave  values  for  the  rock  phosphate  treated  plots  that  were 
considered  too  high  from  the  standpoint  of  availability  to  plants; 
the  other,  using  a  weak  acid,  appeared  to  put  rock  phosphate 
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treated  plots  on  a  more  equitable  basis  for  comparison  with 
superphosphate  treated  plots. 

The  movement  of  phosphorus  appeared  to  have  been  limited 
to  the  plow  layer,  the  8-10  inch  depth  being  quite  uniform 
regardless  of  treatment. 

Exchangeable  potassium  has  not  accumulated  to  any  great 
extent  on  the  potash  treated  plots,  probably  due  in  part,  to 
the  relatively  light  applications  of  potash  that  have  been  made. 
Plots  having  manure  as  part  of  their  treatment  were  consistently 
at  a  higher  potassium  level  than  were  the  potash  treated  plots. 

In  the  surface  6  inches  the  manured  plots  were  slightly 
higher  in  organic  matter  content  than  were  the  unmanured  plots. 
Values  at  the  other  depths  were  quite  uniform  regardless  of 
treatment. 

A  ranking  of  treatments  based  on  organic  matter  content 
agrees  perfectly  with  a  ranking  based  on  yield  of  all  crops  for 
a  nineteen  year  period. 

The  nutrient  status  of  these  soils  appears  to  have  been 
improved  under  the  various  treatments  as  compared  to  no  treat- 
ment. Long-time  yield  data  reveal  the  treatments  that  include 
manure  to  be  the  leaders  in  crop  production  . 


